INTRODUCTION
Visceral leishmaniasis (LV) is a disease in the Americas that is caused by the protozoa Leishmania (Leishmania) infantum (Sin. L. (L.) chagasi). This disease affects domestic and wild animals, and humans. Dogs (Canis lupus familiaris) are considered to be the main domestic reservoir. The main vector, Lutzomyia longipalpis, and more rarely, L. cruzi, feed on dogs and subsequently transmit the disease to humans (DANTAS TORRES et al., 2009) . A disease incidence rate is an estimate of the risk of developing a disease in an exposed population. A high incidence rate emphasizes the need to implement robust control measures. A highest incidence rate (34.98 per 100,000) of VL has been reported in Tocantins, Brazil in 2011 (DATASUS, 2015 . This State has been considered by the Pan American Health Organization as high transmission area (OPAS, 2014) . Araguaína -a city located in the extreme north of Tocantins -is a municipality with the highest number of reported cases. According to the Araguaína's Center for Zoonosis Control, 1,114 cases were reported between 2001 and 2013. Measures adopted in Brazil to control VL involve treating infected persons, controlling vectors, and diagnosing and removing in- Santos et al. fected dogs. Leishmania diagnosis in humans and animals should be based on observing the clinical signs and symptoms that are suggestive of the disease followed by a laboratory test that can confirm the presence of parasites in tissues, or the presence of anti-leishmania antibodies in serum (COURA-VITAL et al., 2011; BRASIL, 2014) . Canine visceral leishmaniasis (CVL) has signs that are similar to other diseases, which is challenging for clinical diagnosis (BANETH, et al., 2008) . Therefore, it is important that other methods complement diagnosis.
A parasitology examination that detects amastigote forms of Leishmania spp. is a direct method that can be used to diagnose CVL. Tissue fragments can be used from the spleen or liver, or the material from lymph node or bone marrow needle aspirations can be used (BABIKER et al., 2007) . The sensitivity of this method depends on factors such as parasite density, type of material collected, and time for which the microscopic analysis was performed. Sensitivity may also differ depending on the organ under analysis. Nevertheless, a positive result confirms infection (BABIKER et al., 2007; BRASIL, 2014) .
The present study aimed to determine the frequency of CVL in Araguaína, Tocantins, Brazil using a direct search for parasites as the diagnostic test; this study also assessed the individual factors and clinical characteristics that are associated with the occurrence of CVL.
MATERIALS AND METHODS
The present study was performed in the urban area of the Araguaína municipality located in north Tocantins, Brazil at 7º11'28" latitude, 48º12'26" longitude, with an average altitude of 277m. The municipality covers a 4,000-km 2 area, with a resident population in the urban area of 142,925 inhabitants (IBGE, 2010) .
The samples analyzed were collected from 649 dogs under veterinary care at five Araguaína city clinics from 2007 to 2014. Lymph node needle aspirations were collected by the veterinarians at these clinics and sent to the Parasitology Laboratory of the School of Veterinary Medicine and Animal Science at the Universidade Federal do Tocantins for leishmaniasis diagnosis using a direct parasitic search. Samples were stained using the Rapid Panoptic Staining Kit (Instant Prov, New Prov, Brazil), and the slides were analyzed within 20 minutes using an optical microscope with an immersion objective. Samples were considered positive when at least one complete amastigote form of Leishmania spp. (nucleus, kinetoplast, and cytoplasmic limit) was observed.
Dogs were classified as either asymptomatic (no signs suggestive of disease) or symptomatic (the presence of at least one sign of VL infection such as dermatologic and ophthalmic disorders, lymphadenomegaly, splenomegaly, onychogryphosis, apathy, or severe loss of weight) (COURA-VITAL et al., 2011; ALMEIDA et al., 2013) . Additional data such as sex, age, breed, presence of other animals in the domicile (dogs, cats and poultry), access to the outdoors (either free or controlled), permanent site of the animal defined by a period of 18 to 22 hours (inside or outside the domicile), and presence or absence of organic matter in the peri-domicile were voluntarily provided by the owners. This data was registered by the veterinarian in a standardized form provided by the laboratory for monitoring the samples. The data were tabulated and descriptive analysis was performed using Epi Info 3.5.4. A chi-square test with Yates correction was calculated with a 95% confidence interval.
RESULTS AND DISCUSSION
Amastigote forms of Leishmania spp. were observed in 264 (40.7%) samples (Table 1) . The prevalence of Leishmania in our sample population was greater than that observed in other studies where the same technique was used (ALMEIDA et al., 2010) , and similar to the results observed in seroprevalence studies performed in other areas of Brazil where the infection is endemic (AMÓRA et al., 2006; FRAGA et al., 2012) . In our study, the method used had a low sensitivity, which may indicate that the true prevalence may be detected by using more sensitive diagnostic methods (GOMES et al., 2008; SRIVASTAVA et al., 2011) .
Our analysis showed that sex was not a risk factor for CVL (P=0.278), which was also observed in other studies in Brazil (AMÓRA et al., 2006; ALMEIDA et al., 2010; SILVA et al., 2010; FIGUEIREDO et al., 2014) . However, a higher CVL frequency has been reported in male dogs (DANTAS-TORRES et al., 2006; JULIÃO et al., 2007) . The CVL frequency was significantly greater in dogs <2 years old (P=0.042), which differed from the observations of BARBOSA et al. (2010) , but similar to the results of DANTAS-TORRES et al. (2006) and FIGUEIREDO et al. (2014) . The higher frequency in young dogs may be related to a lower immune maturity of these animals, whereas the adaptive immune system is not fully mature at birth. Only after weeks to months do most mammals become immunologically mature, which predisposes young animals to an increased risk of developing some diseases (DAY, 2007) .
When stratified by smaller age bands (<1 year, 1-6 years, and >6 years), we observed a significantly lower CVL frequency (P=0.002) in dogs >6 years (23.5%). No difference was observed for the remaining groups (46.7%, <1 year; 43.3%, 1-6 years). These findings differed from the results observed in other areas of Brazil where the infection is endemic, where the frequency of leishmaniasis was higher in dogs that were 1-6 years old (RONDON et al., 2008) . These results suggest that in areas of high incidence, the Leishmaniasis infection risk may be related to environmental rather than individual factors of the host, as also suggested by ALMEIDA et al. (2010) .
We did not observe any significant differences with regard to a dog belonging to a specific breed or not (39.3% and 41.8%, respectively). This lack of significance may be explained by the diversity of the breeds examined, considering that there is evidence of differences in genetic susceptibility between some breeds (BANETH et al., 2008) . Among the dogs with a specific breed, the frequency of Leishmania spp. was greater in dogs belonging to the Boxer (62.5%), Dachshund (47.1%), and Rottweiler (45.2%) breeds. Similar observations were reported by other studies that showed that the Leishmania frequency was higher in dogs with shorter hair and larger bodies (MOREIRA Jr. et al., 2003; JULIÃO et al., 2007; RONDON et al., 2008) .
The presence of other animals in the domicile, such as other dogs and cats, were not positively associated with CVL. However, in houses where the owner reported the presence of poultry in the peri-domicile area, a significant increase in CVL (OR 2.31; P=0.042) was observed. The presence of poultry as a risk factor for CVL has also been observed by MOREIRA Jr et al. (2003) and OLIVEIRA et al. (2010) . These studies reported that this association may occur because chicken blood may provide food for the vector or that the organic matter produced may favor vector development. However, it should be noted that in other studies conducted in Brazil, the presence of poultry near dogs could offer protection against CVL (AZEVEDO et al., 2008; BELO et al., 2013) . Therefore, this variable should be further studied to gain insight on its role in the epidemiology of CVL.
In 90% of 427 dogs, the owners reported that the dogs had restricted access to the outdoors. This variable did not show any association with CVL, which is in agreement with the observations of MOREIRA JR. et al. (2003) and COURA-VITAL et al. (2011) . These results indicated that animal infection may have occurred within the domicile. Furthermore, no significant association was observed between CVL and the presence of organic matter in the peri-domicile area (leaves and rubbish) or the permanent site of the animal defined by the consecutive period of stay from 6 PM to 10 PM.
CVL clinical signs were observed in 76.5% of dogs that tested positive for amastigote forms of Leishmania spp. while 28.4% of dogs were asymptomatic (Table 2) . This finding is in agreement with the findings of ALMEIDA et al. (2010) and FIGUEIREDO Table 1 -Result of direct parasitological exam through needle aspiration of lymph node cells for screening Leishmania spp. in dogs from the urban area at the municipality of Araguaína -TO. et al. (2010) , who reported a higher parasite frequency in asymptomatic animals. The animals analyzed in this study were those under veterinary care, and this condition may have contributed to the observation of a high frequency of symptomatic animals. Dermatosis (32.6%), lymphadenomegaly (27.7%), weight loss (22.7%), apathy (12.5%), splenomegaly (8.7%), and onychogryphosis (7.2%) were the most frequently observed clinical signs associated with CVL (Table 3) . These signs were also the most frequently reported for CVL from other locations (RONDON et al., 2008; ALMEIDA et al., 2010) . The other signs observed were eye disease (3.8%), limb edema (2.3%), diarrhea (1.5%), motor incoordination (1.1%), hepatomegaly (0.8%), and epistaxis (0.4%).
The observations from this study indicated that in areas with a high prevalence of Leishmania spp., owners should monitor their dogs for CVL frequently. When a veterinarian detects a sign that is suggestive of CVL, they should perform complementary exams to confirm infection. The parasitology exam, despite having a low sensitivity, is low-cost, easy, and quick to perform in the veterinary practice. The exam may also help with the early implementation of control measures for the domestic reservoir, thereby reducing human risk of infection.
CONCLUSION
The results reported in our study indicated that there is a high CVL frequency in Araguaína, Tocantins. Animals <2 years old and living alongside poultry in the peri-domicile areas are at the greatest risk of infection. Dermatosis was the most frequently observed clinical sign. In high-incidence areas, diagnosis through testing of samples of lymph node needle aspirations for parasites may be a faster and safer method to monitor dogs. However, this diagnostic approach does not exclude the importance of using serological or molecular methods for the diagnosis of visceral leishmaniasis, especially in asymptomatic dogs that have negative results from a direct examination. Therefore, it is important to train veterinarians in the clinical and laboratory diagnosis of CVL. 
